PTLIU Laboratory for Community Grids

Geoffrey Fox, Marlon Pierce, Shrideep Pallickara, Choonhan Y oun
Computer Science, I nformatics, Physics

|ndiana Univer sity
Bloomington IN 47404
gcf@indiana.edu

Peer-to-Peer -

. f
i . A - " i
* - r .
= peTvasive ba’ . - | Ed " = H .

" ; ® Al - e 7 - T 2

a0 78 g iy = = 2 G il i

e i : & =5 e, =

- ” R : T h - N

center of the world

peers an the cdge

pervasivetechnolonylabs

AT INDIANA UNIVERSITY



P2P Grid Architecture |

s “Everything electronic” isa resource
« Computers
 Programs
« Data (from sensorsto this presentation to email to databases)
* People
s Resourcesarelabeled by XML

 URI from URL (location) to URN (property tag)
« Metadata

o Software | nterfaces

e Personal Information

= XML Interfaces may be “virtual”

 Definein XML but “compil€’ to optimized form for
performance functionality accessibility trade-offs
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P2P Grid Architecture II

Nearly all resources have aweb interface
 Including people and softwar e components
 All resources have natural GUI from browser

Everything isan Object (asopposed to or in addition to
being atableor an array)

Objects have well defined interfaces which can and
should be standardized

Essentially all resour ces connect with messages which
must also have a possibly virtual XML specification

 Thisincludesresources (such asfunctions) running in same
memory space

 Aswell asthe more obvious coarser grain web applications
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Some Research Issues for P2P Grid

= What happensto programming languages when data structures
aredefined in XML
How do we manage a sea of virtual XML ?
* Register, find and link objects
o Thisis“distributed operating system of theworld” ?

What happensto databases when everything isan Object defined
In XML and transformed by Java?

How and when do we compile virtual XML
o Convet dow XML messageto super fast method call on stack

How do we implement services such as Secur ity and collaboration
over arangeof grain sizes

Supporting all “grain sizes’ we get some sort of dynamic fractal
world which lookslike XML objects exchanging XML messages
at all scales

* Not well supported by centralized services (P2P problem)
Semantic Grid: as metadata increases, objectslink together

forming digital brilliance—a phase transition in information
Space
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Compiling for WSDL

Single Address space

Method2

stack

Method1

Shared Memory

Web Web
Applicationl Application2

Distributed System
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Persistent Managed Store

(Virtual) XML Layer Object layer

Enterprise Javabeans Virtual Machine

Control

.opennet
Servlet JSP Architecture

Render for

E, | nput from

user




Role of Web Services

Define interfaces of web applications so that computer-computer
Inter actions ar e enabled
o Definesvirtual XML for all system and application services

WSDL iIs XML versions of Class and M ethod definitions

SOAP isXML version of message

UDDI or WSIL catalogs WSDL based services enabling precise
linkage of them

WSFL and WSCL are candidate linkage languages

WSDL interfaces *‘—/bv-

WSDL mterfaces
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Simulation Data

HPCC and Component Component
WSDL i

Backend
Resources

Middle Tier
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Converting a Portal to WSDL

Gateway (http://www.gatewayportal.org) isarelatively mature portal
supporting Job submission, management and some visualization for
codes like ANSY S —developed for DoD HPC centers

Already used XML to defineinterfaces Post WSDL

Pre WSDL
e backend
Add Castor
backend / Javato XML

Globus
I rcp/rsh . . Will replace
CORBA historical CORBA
Corbamiddletier By EJB

0
SECIOP with
0

Java modules

JSP SSL Avallable
For GCE testbed

January 2002
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WSDL Job Submittal service |

= Moredetailsat http://www.gatewayportal.org/ and
http://aspen.ucs.indiana.edu/ptliu/gatewaywsdl

<taml version="1.0" encoding="UTF-8" 7=
- «definitions name="WebFlowSubmitjobService"

targetMamespace="http://www.qgatewayportal.org/WebFlowSubmitjobService-interface"
xmins="http://schemas.xmlsoap.org/wsdl/" zmins: soap="http://schemas.xmlsoap.org/wsdl/soap/"
xmins: tns="http://www.qatewayportal.org/WebFlowSubmitjobService-interface"
xwmins: types="http:/ /www.qgatewayportal.org/WebFlowSubmitjobService-interface ftypes /"
wmins: xsd="http:/ /vwww.w3.0rg/2001/XMLSchema">

- <message name="IninitializeRequest":

zpart name="methl_inTypel" type="xsd:string" /=

</messages Arguments and return (as
zmessage name="0utinitializeResponse" /= messages)
- <message name="InexecLocalCommandRequest"> . :
zpart name="meth2_inTypel" type="xsd:string" /= Of two RPC metho_ds n Gateway
</messages — should standardize

- <message name="0utexeclLocalCommandResponse"=
zpart name="meth2_outType" type="usd:string" /=
CAIMBSSAGEEZ vt e e

- <portType name="WebFlowSubmitjobService">
- <operation name="initialize"= (abStraCt) portType

<input message="tns:IninitializeRequest" /= without blndlng to
<output message="tns:0OutinitializeResponse" /= Transport or Address
</operationzs :
- zoperation name="execlLocalCommand":> operation " method
<input message="tns:InexecLocalCommandRequest" /= Define RPC like

<output message="tns:QutexecLocalCommandResponse" /> . .
</operations methods with in and

</portTypes out parameters



WSDL Job Submittal service Il

- <hinding name="WebFlowSubmitjobServiceBinding" type="tns:WebFlowSubmitjobService">
<soap:binding style="rpc" transport="http://schemas.xmlsoap.org/soap/http" /=
- «operation name="initialize">
<soap:operation soapaction="urn:WebFlowSubmitjobService" /= Two (sample) .
- Zinput> methods
<soap: body encodingStyle="http://schemas.xmlsoap.org/soap/encoding/"
namespace="urn:WebFlowSubmitjobService" use="encoded" />
=/input=
- <outputs
<soap: body encodingStyle="http://schemas.xmlsoap.org/soap/encoding/"
namespace="urn:WebFlowSubmitjobService" uze="encoded" />
</output=

< /foperationz and
- «<operation name="execlLocalCommand"> defi
- . s : efined b
<soap:operation soapaAction="urn:WebFlowSubmitjobService" /= Sy

- <input=
<soap: body encodingStyle="http://schemas.xmlsoap.org/soap/encoding/"
namespace="urn:WebFlowSubmitjobService" use="encoded" /=
</Inputs
- <outputs
<soap: body encodingStyle="http://schemas.xmlsoap.org/soap/encoding/"
namespace="urn:WebFlowSubmitjobService" use="encoded" /=

</outputs — - - -
</operatians Binding asserts operations implemented with SOAP
</binding> over HTTP protocol

</definitions=



WSDL Job Submittal service lll

s Define WebFlowSubmitjobService with a single port

Implementing previous binding at a particular port
s UsesWSDL import syntax to reference previous specifications

<7uml version="1.0" encoding="UTF-8" 7=
- <definitions name="WebFlowSubmitjobService"
targetMamespace="http:/ /www.gatewayportal.org/WebFlowSubmitjobService"

xmins="http://schemas.xmlsoap.org/wsdl/"

xmins:interface="http:/ /www.gatewayportal.org/WebFlowSubmitjobService-interface"

xmins: soap="http:/ /schemas.xmlsoap.org/wsdl/soap/"

xmins: types="http:/ /www.gatewayportal.org/WebFlowSubmitjobService"

xmins: xsd="http:/ /www.w3.0rq/2001/XMLSchema">

<import location="http:/ /community.ucs.indiana.edu:8004/soap/WebFlowSubmitjobService-

interface.wsdl" namespace="http:/ /www.gatewayportal.org/WebFlowSubmitjobService-

interface" /= -
- <zervice name="WebFlowSubmitjobService"= ‘ Service
zdocumentation=IBM WSTK ¥2.4 generated service definition file</documentation=
- <port hiﬂding:"interfac:e:WEhFIuwsuhmitjuhseruicm :
name="WebFlowSubmitjobServicePort"> Use ope_ratl_ong
{Suap:addregg from thIS blndlng
location="http:/ /community.ucs.indiana.edu:8004/soap/serviet/rpcrouter" /=
</port=

</sarvices Address
< /definitions=



SOAP and Gateway Portal |

= Having specified servicein WSDL, therun-
timeisimplemented in SOAP

s Hereis SOAP over HT TP message from client

m | hisisexecL ocalCommand torun one
SOAP .
Envelope particular command (Is) on current WebFlow
VV“*]lJOCh/ cjirea:t()r)/

POST «s=oaps=erv]lets-rpcrouter HTTEP-1 .0
Ho=t : localho=st

Content-Type: test zml: charset=utf-§ HTTP Header

Content—Length: 497 SOAPAction:

<¥Em]l wversion='1l.0' encoding='TUTEF-8"'7:>

{SOAP-ENV :Envelope Emlhn=s SO0AP-ENV="http:s=chemas . Zzml=oap. org<=ocap~<envelopss"
Emlns: x=si="http.: »~wyw wi. org - 2001-XMLSchema—in=tance" =mln=s:=x=sds=
"http: ~~www. w3 org-2001-XMLSchema" »

< S0AP-EHY : Body -

{n=sl execlocalCommand Emlns:nsl="http: - ~www . gatewayportal  org<WebFlowSubmitJobh”
SOAP-ENV :encodingStyle="http: - =chemas . Zzml=oap.org<=oap<encoding. " >

{localcmd ==1type="=Z=d string" rl=s=< localcmd:

{on=l execlocal Command »

< ~SOAFP—ENY : Body » First argument
£ <S0AP-ENV . Enwvelope



HTTE~-1.0 200 QK

Content-Type: text-xml; charsst=utf-8
Content-Length: 1451

Set—Cookie?: ISESSIOHID=o0lhquSwpl; Version=1;Discard;Path="=oap" }_l-r“T-FD
Set—Cookis: JSESSIONID=ocl0lhgubSvpl ;Path=<=oap
Servlet-Engine: Tomcat Web Server~3.2.3 (JSP 1.1; Servlet 2.2; Java 1.3.1 _01; Sun0S 5.8 H eade r

sparc; java.wvendor=5Sun Hicroszys=tem= Inc.)

¢?uEm]l wersion='1l.0' encoding='TUTF-8'7%:

¢SOAP-EHV :Envelope Zmlns:S0AP-EHV="http:-w=chemnas. zmnl=zoap.orgszoap-envelopss"
Enln= ®¥=zi="http: < www w3 org-1999-iMLSchema—in=tance"
mnlns ®Zs=d="http: "~ vwww. wi org-1999-EHLSchema" » E;()/\FD

<SOAP-ENY : Bodw >
¢n=l i execlocal CommnandResponse
Emnln=s n=sl="http: ~~wwy gatewvayportal  org-WebFlowSubmitJoh"

Envelope
and body

SOAP-ENV . encodingStvyle= "http -~ws=chenas. Ezmlsoap.org-soap-encodings " »
{return ==i:type="zZ=d . =tring”:
BC.1dl
BeanContextChildSupport  java A

BeanContextEventInpl  jawva

BeanContextMenbershipEventInpl . java

BeanContextServiceAvallableEventInpl . java a n a eW ay
BeanContextServiceRevokedEvent Inpl . java

BeanContextServicesSupport . java

BeanContextSupport . java
orta
Collaborator

ContextManager
Control

ﬁLsterHDdules.Dan
t test . f - -

hastes testiT Goat s And thisistheresult

nyHazhMap. java

printPrqDESSOut.java .

renotefile of Is sent back to client

SlavE:tESt:DanN 5

Sl U O e v In SOAP over HT TP

Loreturns

¢sn=]l execlocal CommandEesponses

£ S0AP-ENV: Bodw »
¢ S0AFP-ERNY  Enwvelope:



Next Steps in WSDL Portals

Agree on WSDL Interfacesfor important job
submittal and management functions

e Arecomputersalsodefined in WSDL — believe so

Set up UDDI serversto catalogamnd retrieve WSDL
Services

e How Isthisconsstent with current Grid Information

Services?
Set up interoperability test bed
Build “HPCC compiled” web services

L ook at other computational science applications
o Databases

« NASA/EU SLE (SpaceLink extension) standard for ground
stationsfor sensors




SOAP
Binding to
SMTP

= You can usethis
to queue up your
job requests by
email on your
airtrip and send
when you land

Value of
separ ation of
function and
protocol

From: john.doefmycompany.com

To: reservationsitravelcompany.oro

Subject: Trawel to LA

Date: Thu, 29 Nowv 2001 13:20:00 EST

Mezzage-Id: <EE49ZE16A0BSDI11AC4900902Z76DE0" 124960COCEmycompany . coms

<?¥ml wersion='1.0' 2>
<enviEnvelope xmlhns:env="http://wvw.w3.org/2001/09/s0ap-envelope™:>
<env: Header:
<m:reservation xmlhs:m="http://travelcompany.org/reservation™
env:actor="http://www. w3 .org/2001/09/ soap-enve lope/actor/ nextc ™
env:mustInderstand="trus":>
<m:referenceruuid: 093aZdal-g345-739r-basSd-pgffo8fedjTd</references
<m:dateindTime>2001-11-29T13:20:00.000-05: 00</m:datedindTime>
</m:reservation:
<n:passenger xmlns:n="http://mycompany.comn/employees™
enviactor="http://uww. w3 .org/ 2001/ 09/ 20ap-envelope/actor fnexe ™
envimustUnderstand="trus":
<n:name>John Doe</n: names
</ n:passenger >
</env:Header>
<env: Body>
<p:itinerary xmlns:p="http://travelcompany.com/reservation/travel ™
<p:departurex
<pidepartingrNew York</p:departingr
<piarrivingrLos Angeles</p:arriving:
<pideparturebate>2001-12-14</p:departurelatex>
<pidepartureTimerlate afterncon</p:departureTime>
<piseatPreferenceraisle</pigeatPreferences
</pirdeparture>
<prreturn:
<pidepartingrLos Angeles</p:departings
<prarrivingrlew York</p:arriving:
<p:departurebate>2001-12-20</p:departurebatex
<pidepartureTime>mid morning</p:deparcureTimes
<pi:seatPreferences »
</piretcurns
</p:itinerarys
<i: lodging xmlns:g="http://travelcompany.com/ reservation/ hotels™>
<g:preferencernone</g: preference:
<fo: lodging:
</env:Bodyr
</env:Envelopex



Threaded Discussion/Reporting as a Web Service

= Support email or form based reporting/discussion

Design an
Application
Specific
Schema

Can of course
process email
as Web service

Testing for
Student reports
And Web site
updates

with report
Web Service
built around
“publish/
subscribe” Web
Service

(later)

=7sml version="1.0" encoding="UTF-8" 7=
- zokc #mins="http:/ fgrids.ucs.indiana.edu/okc/schema/admin/ver/1"

<ok

smins; cg="http:/ /grids.ucs.indiana.edu/okc/schema/cq/ver/1"

smlns: zsi="http:f fwowew o w3.org /2001 / XMLSchema-instance”

#si:schemalocation="http:/ /grids.ucs.indiana.edu/okc/schema/admin/ver/1

http://grids_ucs.indiana.edu/schemas/fokc-v1.xsd

http://grids.ucs.indiana.edu/okc/schema/cg/ver/1

http:/ /grids.ucs.indiana.edu/schemas /commaqgrids-v1.xsd" version="1"=

=comment=0KC message schema developed</comment=

<sender=0zqur Balsoy</sender>=

wdistribution=Community Grids Research Group</distribution:

sorganization>Community Grids Laboratory,Indiana University«</organization=

zupdate createuri="gxos:f fokctest fusers/balsoy/12november2001/1" /=

<keywordsxokc community grids mail handler message schema</keywordss:

=message whitespace="preserve">
In this weekly meeting with Ali Kaplan and Ahmet Topcu, we have published the OKC
messagqe schema version 1. The schema is inherited from
“keyword=GX0S8</keyword:
Event Object with additional elements such as Sender, Subject, and Attachments. The
schema is available online at
http://grids.ucs.indiana.edu/schemas/mailhandler/index.html. Its namespace is
http:/ /grids.ucs.indiana.edu/okc/message/1.

= /messagex

<filingdate=11/12/2001</flingdatex

<cg:category main="general" />

=cg:category main="facility" sub="okc" />

=cg:category main="facility" sub="other" octher="mailhandler" /=

zcg:category main="research" sub="okc" />

scqimessagetypes=Weeklyreport</cg:imessagetypes




Science as a Web Service
= Build anetwork of linked web-based applicationsto

support science

« Simulation, visualization, data-input, data analysis,
publication are web services made up themselves of
smaller web services (likelsin Gateway!)

= Enable“plug and play” of modules so supporting

“Sciencefor the Americas’

 Modulescan vary from high end research to K-12
Instruction

 Enableadistributed less monolithic approach to
resear ch

e Peoplein network asresearch colleagues or mentors
= Requires collaborative web services

ipgdec5-01




Some Science Web Services

= Thesebuild on general (community) web services

Science and Engineering Generic Services

Authoring and Rendering Storage Rendering and Authoring of Mathematics, scientific
whiteboards, nD (n=2 3) support, GIZ, Virtual worlds

Muitidisciplinary Services Cptimization (WECQE), image processing, netsolve, ninf, MMatlab as a
collaborative Grid Service

Education Services Authoring, curriculum specification, assessment and evaluation, self

paced learning (from E-12 to Lifelong)

Science and Engineering Research

Portal Services Job control/submission, scheduling, visualization, parameter
specification

Legacy Code Support Wrapping, application Integration, version control, monitoring

Scientific Data Services High Performance, special formats, virtual data as in Griphvn,
scientific journal publication, Geographical Information Systems

Research Support Services Scientific noteboolywhiteboard, brainstorming, serminars, theorem
proving

Experiment Support Virtual Control Eooms (accelerator to satellite), Data analysis, virtual

instrurmnents, sensors (Satellites to field work to wireless to video to
medical instruments (Telemedicine Grid Service)
Chitreach Multi-cultural custormization, multi-level presentations

ipgdec5-01




Some General Grid Web Services

Basic Grid Computational System Services

Securily Services

Authorization, authentication, privacy

Schediling

Advance reservations, resource co-scheduling

Data Services

Data object name-space management, file staging, data stream
management, caching

User Services Trouble tickets, problem resolution
App Services Application tracking, performance analysis
Monitoring Service Keep-alive meta-services

General Collaboration, Planning and Knowledge Grid Services

Feople Collaboration

Access Grid - Desltop AV

Resource Collaboration

instant messenger, whiteboards, annotation systems

Decision Making Services

Surveys, consensus, group mediation

Knowledge Discovery Service

Data mining, indexes (myJoogle: directory based or unstructured,
metadata indexes, digital library services

Workflow Services

Support flow of information (approval) through some process, secure
authentication of this flow. Planning and documentation

Authoring Services

Multi-fragment pages, Charts, Multimedia

Universal Access

From PD AFPhone to disabilities

ipgdec5-01

B R e B e T T T I e T T T




Education as a Web Service

Can link to Science asa Web Service and substitute educational
modules

“Learning Object” XML standards already exist from |IMSADL
http://www.adlnet.org — need to update architecture

Web Servicesfor virtual university include:

Registration

Performance (grading)

Authoring of Curriculum

Onlinelaboratories for real and virtual instruments
Homewor k submission

Quizzes of varioustypes (multiple choice, random parameters)
Assessment data access and analysis

Synchronous Déelivery of Curricula

Scheduling of cour ses and mentoring sessions
Asynchronous access, data-mining and knowledge discovery

ipgdec5-01



Audio Video Conferencing as a Web

Service

= Thiscould besimilar to vrvs.orgwith different ports
corresponding to different protocols

s Use “universal messaging subsystem” to transmit A/V
str eams between sour ces and sinks

Programmatic
POTS Control

Access Grid

/ )
\ PictureTel

L e

Control




Semantic Grid & Digital Brilliance

Peer to Peer networksteach usthat we can build “small worlds’
wher e distance between nodesislogarithmic in number of nodes

Consider a Grid of WSDL services linked (through UDDI)
together

e Thisisspirit of Semantic web — metadata enables meaningful
linkage

We do not need to link everybody but only to establish “ small
world” routes

Physics analogies suggest that phase transitions will occur when
“enough” nodesarelinked —one will get nodesto align in the
direction of new knowledge

This suggests ways of quantifying value of metadata induced
linkages and areas where one “ should” add more WSDL
specifications
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Publish/Subscribe as a Web Service

= We can implement messaging subsystem (between WSDL
resour ces) with either direct messages or by a queued system
wher e you publish messagesto queues and subscribe as receiver
to particular queues

 Natural asynchronous collaboration model which isin fact fast enough
for synchronous collabor ation

Thereare many different publish/subscribe models
« JMSisacluster of central servers

» JXTA isavery dynamic Peer to Peer model where pipesare queues and
topics (metadata) ar e service advertisements

|mplement IM S API with JXTA protocol —different WSDL
bindings her e have different fault tolerance/reliability
semantics

e CoulduseJMSaslongdistance“carrier” between JXTA peers

o JXTA provides higher performancethan JM Sfor nearby recipients

Pallickara built an intermediate dynamic GXOS message
broker subsystem

ipgdec5-01




Single Server P2P lllusion

ﬂ g !

A




Broker Network

Software multicast

j- P2P: Brokers are clients
- @D

Resource




Community P2P Grid




Collaborative Web Resources

Collaboration is“just” sharing objects

What about Collaborative Web Services ?

e You can in some casesdo thisautomatically just by multicasting messages
from serviceto clients

e Thisisachieved by service publishing messages and clients subscribing

Many applications do not expose all state changes
 E.g. when | edit PowerPoint dide, Power Point does not tell theworld by

sending an (XML) message
Solved by shared event collaboration model and requiresoneto
view user interfaceasa“port” in WSDL senseand treat “ event
handlers’ (mouseover, click etc.) asmessagesin WSDL
Groove Networks doesuse XML front end to COM interfaces

 Moreédegantly can use W3C DOM for (the few) documents (SVG isone)
and “universal event handlers’

| nteresting resear ch area
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